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Abstract	
	
Bandung	 regency	 is	 one	 of	 the	 biggest	 regency	 in	 Indonesia	 with	 large	 number	 of	
population	and	rapid	utilization	of	land.	Land	cover	monitoring	is	necessary	to	prevent	
any	land	misuses	and	natural	disasters.	A	way	to	monitor	land	cover	is	to	classify	the	land	
cover	uses	remote	sensing	technique.	To	achieve	better	accuracy	level,	we	propose	active	
and	passive	satellite	data	fusion	to	monitor	the	land	cover	changes	during	2‐year	period.	
We	 combined	 active	 (ALOS‐2/PALSAR‐2)	 and	 passive	 (Landsat	 8)	 satellite	 imageries	
using	 maximum	 likelihood	 to	 produce	 land	 cover	 changes	 with	 less	 atmospheric	
disruption.	Maximum	 likelihood	 is	 a	 supervised	 classification	method	 using	 reference	
(training	sample)	data	and	probability	of	a	pixel	to	be	clustered	in	a	specific	class.	The	use	
of	joint	processing	data	resulted	in	better	accuracy	(60%)	comparing	to	ALOS‐2/PALSAR‐
2	only	(40%).	Residential	area,	barren	land,	and	paddy	fields/plantations	during	2‐year	
period	 (2014	and	2016)	are	 increasing	by	16.35%,	54.47%,	and	88.08%,	 respectively.	
While	forest	is	decreased	by	27.62%	in	the	same	period.	
	
Keywords	
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1. Introduction	
Bandung	regency	is	one	of	the	biggest	regency	in	Java	island.	As	the	capital	of	West	
Java	Province,	it	has	1,762.39	km2	area	with	population	of	3,5	Million.	The	large	number	
of	population	ensures	that	land	uses	in	this	regency	change	dynamically	every	year.	Badan	
Pusat	Statistik	(BPS)	of	West	Java	reported	that	paddy	fields	in	Bandung	regency	is	34,803	
Ha	in	2014	and	increased	to	36,212	Ha	in	2016	(BPS,	2015).	
Natural	resource	utilizations	in	this	regency,	in	fact	is	often	excessive	and	violate	
the	government’s	rules	and	can	be	harmful	to	the	population	themselves.	For	example,	
some	people	burnt	forest	to	open	new	paddy	fields	or	plantations,	or	built	new	houses	in	
an	area	prone	to	flood	and	landslide.	As	reported	by	Bapedas	Citarum	(2011)	forest	areas	
in	this	regency	were	damaged	by	9,280.31	Ha	in	2008	and	7,123.74	Ha	in	2009	(Bapedas,	
2015).	 Therefore,	 land	 use	 monitoring	 is	 necessary	 to	 observe	 the	 changing	 of	
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environments	by	analyzing	land	use	and	land	cover	of	the	regency.	It	aimed	to	find	out	the	
people’s	 activity	 and	 land	 uses	 as	well	 as	 early	warning	 system	 for	 disasters	 such	 as	
landslides.	
There	 are	 several	 methods	 to	 monitor	 land	 use	 and	 land	 cover,	 but	 the	 most	
effective	one	is	using	remote	sensing	techniques.	Remote	sensing	is	the	science	(and	to	
some	 extent,	 art)	 of	 acquiring	 information	 about	 the	 Earth's	 surface	 without	 actually	
being	in	contact	with	it.	This	is	done	by	sensing	and	recording	reflected	or	emitted	energy	
and	processing,	analyzing,	and	applying	that	information	(CCRS,	2016).	In	this	study,	we	
proposed	maximum	 likelihood	method	 to	classify	 land	use	and	 land	cover	 in	Bandung	
regency	 from	 remote	 sensing	 satellite	 imageries.	 In	 general,	 this	method	 is	 applied	 to	
cluster	 pixels	 into	 specific	 classes	 based	 on	 training	 samples.	 Comparing	 to	 other	
methods,	 the	 maximum	 likelihood	 has	 higher	 accuracy	 than	 other	 supervised	 or	
unsupervised	classification	since	it	uses	reference	data	from	an	image	which	its	pixels	are	
already	clustered	in	classes.	
Satellite	data	of	ALOS‐2/PALSAR‐2	combined	with	Landsat	8	image	is	used	as	input	
data.	 The	 imageries	 from	 these	 satellites	 are	 obtained	 from	 sensors	 that	 operate	 in	
different	wavelengths	so	the	ability	to	detect	and	classify	objects	can	be	improved.	These	
two	 satellites	 are	 chosen	 to	 improve	 the	 quality	 of	 information.	 Landsat	 8	 as	 an	optic	
sensor	is	good	to	recognize	an	object	and	easy	to	interpret	but	lack	of	information	due	to	
atmospheric	disruption	and	clouds.	ALOS‐2/PALSAR2	as	an	active	sensor,	has	the	ability	
penetrate	atmosphere	(clouds)	but	is	hard	to	interpret	since	the	data	representation	is	
not	recorded	in	visual	mode.	Joint	processing	of	these	satellites	produces	an	image	which	
is	easy	to	interpret	with	comprehensive	information	(Lehmann,	E.,	et	al.,	2012).	
	
2. Satellite	Data	and	Classification	Method	
2.1. ALOS‐2/PALSAR‐2	and	Landsat	8	
ALOS‐2	is	a	satellite	made	by	Japan	Aerospace	Exploration	Agency	(JAXA)	and	was	
launched	on	May	24,	2014.	It	is	an	active	satellite	that	the	sensors	transmitted	its	own	
electromagnetic	wave	to	detect	objects	in	Earth	surface	and	the	backscattered	signals	are	
received	 by	 its	 receivers,	 so	 objects	 could	 be	 recorded	 day	 or	 night	 in	 any	 weather	
conditions.	PALSAR‐2	radiates	microwave	on	L‐band	with	1.2	GHz	frequency	and	0.23	m	
wavelength	 that	 can	 be	 used	 to	 penetrate	 clouds,	 vegetation	 and	 to	monitor	 gletsers.	
PALSAR‐2	is	used	in	cartography,	regional	observation,	disaster	monitoring,	and	resource	
survey	 (Suzuki,	Y.,	2014).	The	electromagnetic	wave	radiated	 from	L‐band	also	can	be	
reflected	 by	 tree’s	 branches,	 solid	 objects,	 and	 soil	 surfaces.	 PALSAR‐2	 has	 different	
resolutions	based	on	its	observation	mode	(JAXA1,	2015).	The	highest	spatial	resolution	
is	1	m	using	spotlight	mode.	In	this	study	we	used	PALSAR‐2	ScanSAR	mode	with	60‐100	
m	resolution.	
PALSAR‐2	has	some	polarimetry	choices	that	the	satellite	radiates	or	receives	the	
electromagnetic	 wavelength,	 vertical	 (V)	 or	 horizontal	 (H).	 This	 polarimetry	 or	
polarization	will	affect	the	quality	of	image.	If	the	image	uses	more	polarimetry	(maximal:	
quad	 polarimetry	 consists	 of	 HH+HV+VH+VV),	 then	 the	 image	 quality	 will	 be	 better	
(JAXA2,	2015).	In	this	study,	dual	polarization	(HH+HV)	is	used.	
Landsat	8	is	NASA’s	satellite	and	was	launched	on	February	11,	2013.	Landsat	8	is	
the	newest	version	of	Landsat	Data	Continuity	Mission	(LCDM).	This	satellite	is	a	passive	
satellite	which	only	receives	electromagnetic	wavelength	reflected	by	the	Earth’s	surface.	
Landsat	8	has	two	instruments:	Observational	Land	Imager	(OLI)	dan	Thermal	Infrared	
Sensor	(TIRS).	These	instruments	operate	in	the	same	electromagnetic	wavelength	as	the	
previous	version	of	Landsat.	This	 satellite	has	multispectral	 resolution	collected	by	all	
bands	except	for	Band	8	that	records	panchromatic	resolution.	Landsat	8	has	better	image	
quality	by	adding	image	pixel	bits.	OLI	has	9	band	(band	1‐9),	TIRS	has	2	band	(band	10‐
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11).	 Each	 band	 operates	 in	 different	 electromagnetic	 wavelength	 and	 has	 different	
function	as	well	(NASA,	2015).	In	this	research,	we	selected	Landsat	8	Band	5	to	detect	
and	distinguish	forest	and	non‐forest,	vegetation,	soil,	and	water.	
2.2. Maximum	Likelihood	
We	performed	maximum	likelihood,	a	supervised	classification	that	the	algorithm	
needs	human’s	role	to	define	desirable	classes	as	well	as	the	references	(training	sample)	
to	represent	each	class.	Human	or	the	operator	can	define	the	rules	that	should	be	fulfilled	
to	produce	pixels	from	each	class	probability.	It	assumes	that	statistic	value	for	each	class	
in	each	channel	distributed	normally	and	the	probability	of	each	pixel	 is	clustered	in	a	
specific	class	(Hogg,	R.V.	and	Craig,	A.T.,	2015).	The	classification	in	maximum	likelihood	
is	based	on	training	samples,	i.e.	pixel	values	that	already	recognized	as	a	part	of	a	class.	
Training	samples	selection	should	be	well	performed	so	it	can	optimize	the	classification	
process	and	resulting	in	high	accuracy	(Marini,	Y.,	2014).	
Maximum	likelihood	is	useful	for	low	or	mid	resolution	image	and	is	suitable	for	
this	research.	The	probability	of	a	pixel	clustered	in	a	specific	class	can	be	expressed	in	
Eq.	(1).	
	
ܲሺ݅|ܺሻ ൌ 	 ௉൫ܺห݅൯௉ሺ௜ሻ௉ሺ௑ሻ 																																																														(1)	
	
With:	
P(i|X)	 =	Conditional	probability	from	class	i	(Likelihood)	
P(X|i)	 =	Conditional	probability	from	vector	X	
P(i)	 =	Probability	class	i	occurs	in	image	
P(X)	 =	Probability	from	vector	X	
	
Bayesian	probability	 function	 is	 counted	 from	 each	 input	 of	 each	 class	made	 by	
samples.	Each	pixel	will	determine	 the	class	with	highest	probability.	Parameter	value	
which	maximize	 the	 probability	 is	 called	Maximum	 Likelihood	 Estimation	 (MLE).	 For	
example	X1,	X2,	X3i….,	Xn	are	random	samples	from	distribution	N(θ,	σ2)	with	‐∞	<	θ	<	∞,	
θ	is	MLE,	then	the	MLE	can	be	expressed	by	Eq.	(2)‐Eq.	(5)		
	
ܮሺߠ; ݔଵ, ݔଶ, ݔଷ, … , ݔ௡ሻ ൌ 	 ቀ ଵ√ଶగఙቁ
௡ ݁ݔ݌ ቂെ∑ ሺ௫೔షഇሻమଶఙమ௡௜ୀଵ ቃ																								(2)	
݈݊ ܮሺߠ; ݔଵ, ݔଶ, ݔଷ, … , ݔ௡ሻ ൌ 	݊ ݈݊ ቀ ଵ√ଶగఙቁ
௡ ൅	 ቂെ∑ ሺ௫೔షഇሻమଶఙమ௡௜ୀଵ ቃ																			(3)	
	
డ௅ሺఏ;௫భ,௫మ,௫య,…,௫೙ሻ
డఏ ൌ 0 ൅ 2	 ∑ ሺݔ௜ െ 	ߠሻଶ௡௜ୀଵ 																																(4)	
∑ ݔ௜ െ ݊ߠ ൌ 0	 → 	ߠ ൌ 	∑ ௫೔
೙೔సభ
௡
௡௜ୀଵ 																																						(5)	
	
So,	∑ ௫೔೙೔సభ௡ 	is	θ’s	 value	which	maximize	 likelihood	value	L	 (θ).	ߠ ൌ 	
∑ ௫೔೙೔సభ
௡ 		 is	 called	maximum	likelihood	estimator	for	θ.	The	illustration	for	class	selection	in	this	method	is	
shown	in	Fig.	1.	
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Figure	1.	Illustration	of	Classification	concept	in	maximum	likelihood	method	
2.3. Pre‐processing	and	Classification	Plan	
The	pre‐	and	processing	of	ALOS/PALSAR‐2	data	is	diagrammatically	shown	in	Fig.	
2.	Pre‐processing	is	performed	by	the	following	steps:	
1. Geometric	correction	consists	of	geocoding	correction	and	image	to	image	calibration	
method	by	collection	ground	control	points	(GCP)	that	Landsat	8	 image	is	used	as	
reference.	The	purpose	of	this	process	 is	to	convert	 image’s	coordinate	to	the	real	
coordinate	 in	 the	 Earth.	 Image	 resolution	 is	 resampled	 to	 30	m	 resolution	 in	 the	
geocoding	process	using	Digital	Elevation	Model	(DEM)	image.	
2. Layover/shadow	masking.	This	process	 is	 aimed	 to	decrease	 layover	and	 shadow	
effects	in	the	image.	Layover	effect	is	a	condition	where	the	information	received	in	
the	satellite	are	mixed	caused	by	differences	in	arrival	time	of	lowland’s	wavelength	
reflection	and	highland	(plateau)’s	wavelength	reflection.	Shadow	is	an	effect	where	
there	 is	no	backscatter	or	wavelength	reflection	received	by	the	satellite	since	the	
coverage	of	highlands	to	lowlands.	
3. In	the	speckle	filtering,	Lee	filter	is	applied	that	is	aimed	to	reduce	the	speckles	effect	
(noise)	in	the	image.	
4. Radar	section	calculation	is	a	process	to	produce	image	in	dB	values.	
	
	
Figure	2.	Flow	diagram	of	Classification	Process	
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The	specification	of	Landsat	8	and	ALOS‐2/PALSAR‐2	 imageries	 that	are	used	 in	
this	study	is	shown	in	Table	1.	
 
Table	1.	Specification	of	Landsat	8	and	ALOS‐2/PALSAR‐2	image	
No.	 Monitoring	date	 	 Sensor Polarization Satellite	type Data	Level	
1.	 December	12,	2014	 	 PALSAR‐2 HH,	HV Active,	Non‐Optical	 1.1	
2.	 February	25,	2016	 	 PALSAR‐2 HH,	HV Active,	Non‐Optical	 1.1	
3.	 December	11,	2014	 	 Landsat	 ‐	 Passive‐Optical	 ‐	
4.	 January	15,	2016	 	 Landsat	 ‐	 Passive‐Optical	 ‐	
 
The	pre‐processing	of	Landsat	8	image	is	performed	by	the	following	steps:	
1. Radiometric	correction	is	aimed	to	correct	pixels’	value	that	are	not	fit	with	the	real	
wavelength	of	reflected	values.	We	applied	the	FLAASH	algorithm	in	this	process.	
2. Atmospheric	correction	is	aimed	to	reduce	or	to	get	rid	of	atmospheric	disruption	such	
as	cloud.	
3. Noise	Reduction	is	aimed	to	reduce	noise	in	the	image	using	MNF	algorithm.	
	
The	 study	 area	 is	 Bandung	 regency	 that	 covers	 Bandung	 city,	 Cileunyi,	 and	 Ciparay	
districts	as	shown	in	Fig.	3.	
	
	
Figure	3.	Study	area	(Google,	2015)
	
3. Implementation	and	Classification	Results	
3.1. Radiometric	Enhancement	
Landsat	8	and	ALOS‐2/PALSAR‐2	imageries	are	combined	or	stacked	to	produce	an	
RGB	 image.	 ALOS‐2/PALSAR‐2	 HH	 polarization	 image,	 HV	 polarization	 image,	 and	
Landsat	 8	 band	 5	 (near‐infrared	 band)	 image	 are	 selected	 as	Red,	 Green,	 Blue	 bands,	
respectively.	Band	5	of	Landsat	8	is	used	to	detect	and	to	distinguish	land	cover	such	as	
forest	 and	 non‐forest,	 soil,	 and	 water.	 Radiometric	 process	 is	 performed	 after	 image	
stacking	to	increase	the	pixels’	intensity	using	piecewise	linear	algorithm	as	shown	in	Fig.	
4.		
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(a)	 (b)
Figure	4.	Combined	image	of	(a)	ALOS‐2/PALSAR‐2	on	December	12,	2014	and	Landsat	8	December	11,	2014	
(b)	ALOS‐2/PALSAR‐2	February	25,	2016	and	Landsat	8	January	15,	2016	
	
Since	the	large	scene	of	both	Landsat	8	and	ALOS‐2/PALSAR‐2,	to	give	more	detail	
information	on	 the	 study	area,	 the	 imageries	are	 cropped	 to	Bandung	regency	only	 as	
shown	in	Fig.	5.	
	
	
(a)	 (b)
Figure	5.	Cropped	image	of	(a)	ALOS‐2/PALSAR‐2	on	Dec.	12,	2014	and	Landsat	8	Dec.	11,	2014	image;	(b)	
ALOS‐2/PALSAR‐2	on	Feb.	25,	2016	and	Landsat	on	Jan.	15,	2016	
	
We	selected	training	samples	known	as	Region	Of	Interests	(ROIs)	based	on	Google	
Earth	(Google,	2015).	Training	samples	of	ROI	are	then	converted	into	.shp	(vector)	files	
and	re‐projected	into	UTM	Zone	49S	to	match	to	the	area.	There	are	four	classes	of	land	
cover:	forest,	barren	land	(in	this	study	barren	land	consists	of	unused	land	and	paddy	
fields	that	currently	are	not	in	planting	or	harvesting	period),	residential	areas,	and	paddy	
fields/plantations.	Training	samples	are	selected	according	to	the	dates	of	satellite	data:	
December	12,	2014	and	February	25,	2016.	We	selected	100	ROIs	as	training	samples	for	
each	classification	class	and	divided	 into	two	parts:	50	ROIs	are	used	 for	classification	
process	and	the	other	50	are	used	for	accuracy	assessment.	
3.2. Maximum	Likelihood	Method	Implementation	
In	the	classification,	we	used	threshold	value,	the	minimal	probability	value	for	a	pixel	
to	be	clustered	in	a	specific	class.	The	threshold	value	used	in	this	study	is	0.05	for	each	
class	for	all	trials.	As	a	result	of	this	selection,	some	pixels	will	not	be	filtered	into	a	specific	
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class	 (unclassified).	 These	 unfiltered	 pixels	 mean	 the	 areas	 related	 to	 these	 pixels	
represent	 land	 cover	 other	 than	 forest,	 barren	 land,	 residential	 areas,	 or	 paddy	
fields/plantations.	We	implemented	ten	simulations	using	different	ROIs	for	classification	
process	and	accuracy	assessment	and	the	result	is	shown	in	Fig.	6.	
	
Unclassified	
Residential	Area	
Forest	
Barren	Land	
Paddy	fields/Plantations	
Figure	6.		Classification	result	of	joint	processing	of	Landsat	8	December	11,	2014	and	
ALOS‐2/PALSAR‐2	December	12,	2014	combined	image	(first	simulation)	
	
	
Based	on	10	classification	results,	the	area	for	each	class	is	presented	in	more	detail	in	
Table	2.	As	shown	in	the	table,	in	2014	most	of	the	area	classified	as	forest,	followed	by	
residential	area,	paddy	fields/plantations,	and	barren	land.	
Table	2.	Classification	results	of	combined	Landsat	8	on	Dec.	11,	2014	and	ALOS‐2/PALSAR‐2	on	Dec.	12,	2014		
Simulation	 Area	(Ha)	Residential	Area	 Forest	 Barren	Land	 Paddy	Fields/Plantations	
1	 20,147.67	 43,275.33	 4,636.80	 10,734.66	
2	 18,543.33	 43,762.23	 7,429.95	 9,059.49	
3	 19,258.47	 45,551.34	 3,650.13	 10,326.33	
4	 19,091.07	 44,812.26	 6,269.49	 8,695.26	
5	 20,151.63	 42,244.74	 3,677.13	 12,712.77	
6	 19,556.55	 44,274.60	 6,494.04	 8,677.44	
7	 20,709.27	 43,249.14	 4,411.17	 10,374.39	
8	 20,061.45	 43,642.17	 7,181.28	 7,858.71	
9	 19,056.96	 46,978.65	 5,827.32	 6,725.07	
10	 20,323.89	 39,441.78	 4,748.94	 14,256.99	
Average	 19,690.03	 43,723.22	 5,432.63	 9,942.11	
	
We	implemented	the	classification	method	using	the	data	in	2016.	The	Landsat	8	
data	was	dated	on	January	15,	2016	and	ALOS‐2/PALSAR‐2	was	dated	on	February	25,	
2016.	The	date	of	both	data	was	different	since	 the	 limited	number	of	good	quality	of	
Landsat	data.	The	first	simulation	using	50	ROI	as	training	samples	and	50	ROIs	as	testing	
data	is	shown	in	Fig.	7.	
449 
 
Unclassified	
Residential	Area	
Forest	
Barren	Land	
Paddy	fields/Plantations	
Figure	7.	Classification	result	of	joint	processing	of	Landsat	8	January	15,	2016	and	
ALOS‐2/PALSAR‐2	February	25,	2016	(first	simulation)	
	
	
The	overall	simulation	results,	represented	as	the	area	for	each	class	is	shown	in	more	
detail	in	Table	3.	As	shown	in	the	table,	the	composition	of	each	class	in	2016	almost	the	
same	with	the	2014	case.	 	Most	of	the	area	classified	as	forest,	followed	by	residential	
area,	paddy	fields/plantations,	and	barren	land.	
Table	3.	Classified	area	from	combined	Landsat	Jan.	15,	2016	and	PALSAR‐2	Feb.	25,	2016	
Simulation	 Area	(Ha)	Residential	Area	 Forest	 Barren	Land	 Paddy	Fields/Plantations	
1	 23,670.90	 31,406.04	 9,609.75	 16,820.28	
2	 22,727.52	 32,188.77	 7,271.64	 19,657.26	
3	 22,817.07	 31,965.75	 9,537.84	 17,321.13	
4	 23,613.48	 31,652.10	 7,390.71	 19,201.86	
5	 21,481.74	 34,180.65	 7,810.56	 18,206.10	
6	 24,905.16	 29,056.86	 7,109.28	 20,718.99	
7	 23,673.60	 32,332.05	 7,849.26	 17,928.90	
8	 22,143.06	 32,602.32	 8,685.54	 18,275.04	
9	 23,736.96	 31,058.40	 8,734.14	 17,602.20	
10	 20,330.01	 30,012.84	 9,920.52	 21,262.68	
Average	 22,909.95	 31,645.58	 8,391.92	 18,699.44	
	
3.3. Analysis	of	Classification	Result	
We	assessed	the	accuracy	of	classification	results	using	confusion	matrix	method.	
Confusion	matrix	is	performed	by	comparing	the	classification	result	using	50	ROIs	that	
are	 randomly	 selected	 to	 other	 50	 ROIs	 from	 the	 training	 sample	 for	 each	 class.	 The	
results	of	accuracy	assessment	of	combined	Landsat	8	and	PALSAR‐2	in	2014	and	2016	
are	shown	in	Table	4.	
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Table	4.	Accuracy	rate	of	classified	image	in	2014	and	2016	
Trial	 2014		 2016	
1	 64.13%	 60.16%	
2	 65.18%	 61.05%	
3	 70.93%	 60.99%	
4	 61.93%	 60.54%	
5	 70.04%	 67.16%	
6	 73.97%	 60.15%	
7	 65.8%	 60.21%	
8	 64.14%	 64.91%	
9	 65.71%	 63.23%	
10	 64.12%	 62.34%	
Average	 66.60%	 62.07%	
	
The	 accuracy	 rate	 for	 classified	 Landsat	 8	 on	 December	 11,	 2014	 and	 ALOS‐
2/PALSAR‐2	on	December	12,	2014	combined	image	is	66.60%	and	is	higher	than	the	
accuracy	 of	 ALOS‐2/PALSAR‐2	 image	 classification	 without	 Landsat	 8	 (41.42%).	 The	
classified	image	showed	that	forest	(represented	by	green	pixels)	dominates	the	study	
area.	Barren	Land	and	residential	areas	are	 located	 in	the	center	of	Bandung	regency.	
Barren	land	as	well	as	paddy	fields/plantations	dominate	the	residential	areas.	
The	 accuracy	 rate	 for	 classified	 Landsat	 8	 on	 January	 15,	 2016	 and	 ALOS‐
2/PALSAR‐2	on	February	25,	2016	combined	 image	 is	62.07%	and	 is	higher	 than	 the	
accuracy	 of	 ALOS‐2/PALSAR‐2	 image	 classified	 without	 Landsat	 8	 (41.00%).	 The	
classified	 image	 shows	 that	 paddy	 fields	 and	 plantations	 (represented	 by	 light	 blue	
pixels)	dominates	the	study	area.	As	in	2014,	the	residential	area	in	2016	is	increasing	as	
shown	by	red	pixels	as	well	as	barren	land	and	paddy	fields/plantations.	The	results	are	
also	correlated	to	the	fact,	that	the	number	of	population	in	Bandung	is	also	increasing.	
Paddy	 fields	 and	 plantations	 areas	 are	 increasing	 because	 barren	 land	 that	 is	
actually	paddy	fields	and	plantation	areas	that	were	not	in	planting	or	harvesting	period	
in	December	2014	entered	harvesting	period	in	February	2016,	so	paddy	or	other	crops	
are	dominant.	As	reported	 in	Gala	Daily	(December	29,	2014),	 in	 the	end	of	December	
2014,	 Bandung	 regency	 is	 just	 entering	 planting	 period.	 Another	 news	 agency	 also	
reported	 as	Kompas	Daily	 on	December	19,	 2015	 and	West	 Java	Province	Agriculture	
authority	stated	that	harvesting	period	will	be	in	that	February	2016	(Disdag,	2015).	The	
comparison	of	each	class	in	2014	and	2016	based	on	the	classification	results	is	shown	in	
Table	5.		
	
Table	5.	The	comparison	of	area	from	each	class	based	on	classified	results	
Class	 Area	(Ha)	2014	 2016	 Difference	
Residential	area	 19.690,03	 22.909,95	 3.219,92	
Forest	 43.723,22	 31.645,58	 ‐12.077,64	
Barren	land	 5.432,63	 8.391,92	 2.959,29	
Paddy	fields/plantations	 9.942,11	 18.699,44	 8.757,33	
	
As	shown	in	the	table,	all	classes	are	increased	during	2‐year	period,	except	the	
forest,	 that	 are	decreasing	by	 ‐12,077.64	Ha	 (‐38.17%).	The	 increasing	 area	of	 paddy	
fields/plantations	 is	also	reported	by	West	 Java	statistic	data	 released	by	BPS	(Badan	
Pusat	Statistik).	It	stated	that	the	area	of	paddy	fields	in	Bandung	regency	is	increasing	
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form	 34,803	 Ha	 in	 2014	 to	 36,212	 Ha	 in	 2016.	 Referred	 to	 this	 study,	 paddy	
fields/plantations	area	is	increased	by	8,757.33	Ha.	
The	probability	error	that	occurred	during	the	classification	process	is	caused	by	
the	pixels	from	a	specific	class	is	classified	to	different	classes.	In	this	case,	PALSAR‐2	as	
a	radar	sensor,	recorded	backscattered	signals	from	the	different	classes	into	the	same	
values.	For	example,	paddy	fields/plantations	and	forest	pixels	are	recorded	as	similar	
class	because	both	objects	consist	of	vegetation.	Another	reasons	that	may	occurred	in	
the	process	are:	
1. ALOS‐2/PALSAR‐2	and	Landsat	8	images	has	a	time	difference	so	that	the	types	of	
land	cover	can	change	during	these	dates	period.	
2. The	noise	in	Landsat	8	image	caused	by	cloud	or	other	atmospheric	disruptions.	
3. The	selection	of	training	samples	using	Google	Earth	is	not	quite	precise	to	determine	
the	classes	in	classification	process.	
4. Conclusions	
The	accuracy	rate	of	land	use	and	land	cover	classification	using	joint	data	from	Landsat	
8	and	ALOS‐2/PALSAR‐2	is	66.60%	(in	2014)	and	62.07%	(in	2016).	The	classification	
accuracy	 rate	 of	 joint	 data	 is	 increased	 by	 60.78%	 and	 51.40%,	 in	 2014	 and	 2016,	
respectively,	compared	to	classification	using	ALOS‐2/PALSAR‐2	only.	Residential	areas	
are	 increasing	by	16.35%	 from	19,690.03	Ha	 in	 2014	 to	 22,909.95	Ha	 in	2016.	While	
forest	 areas	 are	decreasing	by	27.62%	 from	43,723.22	Ha	 in	2014	 to	31,465.58	Ha	 in	
2016.	Barren	land	is	increasing	by	54.47%	from	5,432.63	Ha	in	2014	to	8,391.92	Ha	in	
2016.	Paddy	fields/plantations	area	is	increasing	by	88.08%	from	9,942.11	Ha	in	2014	to	
18,699.44	Ha	in	2016.	
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